Hydrocode calculations we used to simulate initiation in single-m d double-shock experiments on several HMX-based explosives. Variations in the reactive behavior of theee materials reflects the differences between binders in the material, providing information regarding the sensitivity of the explosive to the mechanical properties of the constituents. Materials considered are EDC-37, with a soft binder, PBX-9601, with a relatively malleable binder, and PIBX-9404, with a stif€ binder. Bulk reactive behavior of these materials is dominated by the HMX component and should be comparable, while the mechanical response varies. The reactive flow model is temperature-dependent, based on a modified Arrhenius rate. Some unreacted material is allowed to react at a rate given by the state of the hotspot rather than the bulk state of the unreacted explosive, according to a length scale reflecting the hotspot size, and a time scale for thermal equilibration. The Arrhenius rate for HMX is wsumed to be the same for all compositions. The initiation data for dXerent HMX-bwd explosives axe modelled by choosing plausible parameters to describe the reactive and dissipative properties of the binder, and hence the behavior of the hotspots in each formulation.
INTRODUCTION
We are developing reactive flow models intended to have a wide predictive capability covering composition and morphology, while being reasonably efFicient for design simulations. Temperature-dependent reactions, based on an Arrhenius decomposition rate in the bulk explosive, could be used to reproduce aspects of the shock desensitisation observed in KMX-based explosives (1,2). The Arrhenius parameters were adjusted from the values obtained from thermal decomposition experiments (3) to reproduce shock initiation; the amount by which they were adjusted wm less for better treatments of the microstructure. The most significant omission from the previous model was any explicit treatment of plmtic work.
Here we present further additions to the microstructural model, and applications to HMXbased explosives where differences in the microstructure correlate with differences in inititlr tion properties (4). This model has also been used to simulate highly non-ideal explosives (5) 
REACTIVE FLOW MODEL
A = .&J exp(-T*/T),(1)
CALIBRATION AND POP PLOTS
Thermodynamically complete EOS for condensed components were estimated hom a mechanical EOS (generally obtained from shock wave data) and a constitarit heat capacity. A single point on the cold curve was estimated, and the mechanical EOS used to estimate the rest of the curve by integrating pdv work. Steinberg's cubic Griixieiseri forrn(6) was used to fit non-linear shock data.
The time constant r , for preissure equilibm tion was chosen by estimating the characteristic time for sound to pass a few times across a 'typical' grain in the microstructure. For HMX grains a few tens of pm in size, this implies that rP w 0 . 1~s . The time constant for thermal equilibrium was estimated to be about an order of magnitude larger.
The density of common area between components i and j was estimated as where r is the particle diarueter in R mixture of two components of equd sizes and 7a is the number density of particles, estimated from the grain size.
The model of plasticity enhancement around a pore was calibrated against a uiriiplified treatment of constant volume compression of a hollow shell. In this case, where uo is the initial porosity.
Common components
The EOS for HMX was estimated from Hugoniot data(8,7) and thermal properties.(3) An elmtic-plastic constitutive model was used, based on observed values of the shear modulus and yield stress. ( 11) Little useful data were found on NC or the binders used in the explosives considered. An EOS was estimated for polyurethane, again using Hugoniot data(7) and a 'typicd' heat capacity for polymers.(9) This EOS was used for d l binder components. The EOS for NC m =ti-mated by assuming the same Hugoniot data as for cellulose xetate(7) but taking a solid density of 1.65g/crn3. (10) The constitutive behaviour of the binder WBR treated implicitly by altering the plastic enhancement of deformation in the HMX. The stiffer the binder, the greater the enhancement used.
Initial estimates of the Arrhenius parameters were taken from calorimetry data,(3) and adjusted to reproduce initiation data. The parameters for HMX were adjusted by considering PBX 9501 data, as this composition does not have a reactive binder. In some simulations, the decomposition of the binder was modelled using a slow Arrhenius process; thiR made little difference to the initiation behaviour predicted. Initiation was not expected to be sensitive to the @e speed used for hotspot burn. This was verified by senRitivity studies.
Porous materials were represented as before by starting with a non-zero volume fraction of the reaction products at the STP state.
PBX 9601 PBX 9501 consists of 96% BMX, 2.5% estane and 2.5% BDNPA by weight, with a porosity ~1.6%.(3) The binder is fairly soft.
Simulations were made to investigate the sen- The binder is relfitively stiff.
Simulations were made based on model A for PBX 9501 but with the correct composition and a higher pIastic enhancement. The predicted Pop plot waa not significantly different, consistent with experiment,(3) It wm not found necessary to adjust the Arrhenius parameters for NC away from the values deduced from calorimetry. (Fig. 2.) 
EDC37
EDC37 consists of 91% HMX, 8% K10, and 1% NC by weight, with a porosity ~0.
18%.(4)
The binder is liquid.
Simulations were made basled on model A for PBX 9501 but with the correct composition aid plastic enhmlcement removed. If no other changes were made, the predicted Pop plot was similar to the PBX compositions, in contrast with experimental data where EDC37 is significantly less sensitive. (4) The simulations were brought into closer agreement with experiment by reducing the time scales for equilibration to r, = 10"2ps and .r+r = 0 . 1~. This change can be rationalised on the basis of smaller pores in EDC37, commensurate with the lower porosity. (Fig. 3. ) 
PARTICLE VELOCITY IHISTORY
Pop plots are mi iritegrated rneasure of the initiation of an explosive, and it is a far more sensitive discriminant to compare the velocity history at different points in the explcisive during the build-up to detonation.
Experimental measurements were obtained in 1D gun-driven impactor expeIknmts, ushg electromagnetic gauges to record the particle velocity history at Lagrangian positions in the explosive sample. CONCLUSIONB The reactive flow model described previously was extended to describe each component of the explosive explicitly, and to include inhe mogeneous plastic heating as a contribution to hotspots. The new model was able to reproduce the measured Pop plot for PBX 9501 using Arrhenius parameters much closer to the values d e duced from calorimetry, suggesting that the model contains essentially all the physics necessary to treat shock initiation in a predictive way.
Pressure and temperature equilibrium paraneters were specified explicitly rather than calculated from the microstructure. If adjusted to reflect different microRtructures, the model was reasonably accurate in predicting the initiation properties of PBX 9404 and EDC37. The new model ais0 matched particle velocity histories more accurately.
The contribution of inhomogeneous plastic heating seemed less important than the explicit treatment of each condensed component, possibly because the elastic-plastic constitutive model underpredicted the heating around a pore. ( 13) ' 1. . 
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